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PREFACE

This report presents estimates of the economic consequences of restricting
the use of organochlorine insecticides on selected crops in the United Stutes.
tarmers are the primary focus. But the effects of such action would extend to
the pesticide industry, consumers. ard the total environment.

Restriction is viewed as a means of reducing, not banning, the use of or-
ganochlorfnes by farmers. It includes iha substitution of cther insecticides
to the maximur that would still provide effective contrel with known technology
and mairncvain production at rezsonable costs. The estimaes assume no substan-
tial changes in insect Infestaticns.

Data on farm use of insecticides for 1966, the most recent available, are
the foundation for the analysis. All quantities of insecticides are expressed
in pounds of active chemicsni ingredients. The terms organochlorines, organo-
phosphorus compounds, and carbamates refer to insecticides only.

Special acknowledgment is made to the following personnel of the Agricul-
tural Research Service for their technical advice in the preparation of the re-
port: Leo G. K. Iverson, Assistant Deputy Administvator, Regulatory and Control;
Kenneth C. Walker, Assistant to the Deputy Administrator, Farm Research; ard
Clarence H. Hoffmann, Associate Director, Entomology Research Division, Farm
Research. The authors are indebted to staff members of the Entomolugy Research
Division for their evaluation of the iandividual crop sections. Alsce, Fred T.
Cooke, Jr., and John H. Rerry, fieldmen of the Farm Production Economics Divisior,
contributed information for the cotton and co’a sections.

It is the policy of the U.S. Department of Agriculture to continually re-
view needs for insecticides and to use and recommend only the necessary, effica-
clous, less persistent ones that are least hazardous to people, property, and
the quality of the environment, whether they are organochlcrine, organophospho-
rus, carbamate, or other che 'ical compounds. It is also recognized that organo-
chlorines vary widely in their persistence, some of them being less fpersistont
than alternative organophosphorus and carbamate insecticides.

Use of trade names in this report is
for identification only and does not
constitute endccsement of these prod-
ucts or imply discrimination against
other similar products.
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SUMMARY AND CONCLUSIONS

The vatue of organochlorine insecticides in the production of cotton, ~orn,
peanuts, and tobacco is beyond question. They provide the only effective con-
trol for a fewv insects at the present time. Hcwever, usage of most of these
insecticides could be selectively restricted over a period of 2 to 3 years with
only modest increases In costs to farmers.

More than three-fourths of the 72 million pounds of organochlorines used
by farmers on the four crops in 1966 could have been replaced by, other insecti-
cides without affecting production. However, costs for insect control on these
crops would have increased $2.23 an acre treated, a total .f nearly $27 million.
This was about 0.3 percent of their 1966 farm value.

Fortv-two million pounds of organophosphorus and carbamate insecticides
would have been required to replace approximately 55 million pournds of organo-
chlorines, mairly toxaphene, DDT, and aldrin, usnd on the four crops in 1966.
‘The principal chemicals that would: have been substituted were methyl parathion,
diazinon, and carbaryl. For effective insect control on cotton and corn, 17
million pounds' of organochlerines would still have been needed. On cotton,
some of the substitute chemicals would have required supplementaticn, while on
corn the organochlorinee -rere the only efrective insecticides for certain in-
sects. Estimates of additional costs and quantities of insecticides which
would have been replaced, still neaded, or substituted in 1966 are shown below
for individual crops:

Selective restriction of organocilorines, by crnus, 1966

Quantity of:

Additional costs

! Farm ¢ : Organochlorines
Crop —,Substitutes
! value : ¢ Per acre : s Seill
: . Total | ¢ cated i_Feplaced : needed : Uused 1/
tMillion dollars Dollarg -------- Million poundg--=-==----
Cotton==-mm-mammcumn : 1,258 15.4 3.12 43.1 6.6 29.5
Corn-+=m=mmcommn——. : 5,106 7.3 1.23 5.4 10.8 6.3
Peanutg~--===-u---o : 272 1.4 2.90 3.3 ——— 2.0
Tobacco-=mmmecccanaa : 1,253 2.6 4.22 3.1 ——— 4.1
All crops---—=--- s 7,889 26.7 2.23 54.9 17.4 41.9

.1/ Organophosphorus and carbamate insecticides.



Costs. of repiacing the organochlorines on cotton, corn, peanuts, and to-
bacco in 1966 represent the maximum for the foreseeable future. Since 1966,
the trend toward substitution of organophospherus and carbamate insecticides
for organochlorines has continued for the four crops, but at different rates.
Reduction in the use of organochlorines has been caused primarily by wider
spread Iinsect resistance and the availability of rew, more effective chemicals.
(In 1966, the U.S, Department of Agriculture discoptinued recormendations for
some . the organochlorines on theses crops.) Acreages of corn, pranuts, and
tobacco declined from 1966 to 1969, but cotton plantings increased. After
examining the trends in insecticide usage and changes in acreages for the four
crops, 1t was estimated that the cost of restricting orgaaochlorines in 1969
would have been about 18 percent less than in 1966--522 million, compared with
$27 million. The reductions in additional costs from 1966 to 1969 were $2.5
million for corn, $0.9 million each for buth peanuts and tobacco. and $0.6 nil-
lion for cotton.

. The consequences of restricting organochlorines extend to the pesticide

) industry, consumere, and the environment. In 1966, sore pesticlde manufacturers
would have gained, others would have lost, but total industry dollar sales of
insecticides would have increased. Most of the increaied costs of Insecticides
would probably have been absorbed by farmers. In the long run, somewhat higher
food and fiber prices must be welghed against the possibility of lower residue
food and a healthier environment.

The broad spectrum insecticidal properties of the organochlorines, combined
with long residual life and relative safety in handling, make them desirable
for many control purposes. But their residues which remain active In the soil
and water are hazardous tu certain specles of fish and wildlife. Ihe organo-
chlorines also tend to accumulate in the fatty tissues of warmblooded animals,
including man. Though not persistent, many of the organophosphorus and carba-
mate insecticides are much less safe for those who handle and apply them, and
their detrimental erfects tend to be acute rather than chronic. They also have
a greater tendency to suppress insect parasites and predators and thus even more
insecticides could be required.

The stuuy raveals the following add{tional iaformation on productien and
i farm use vf organochlorines, phosphorus, and carbamate insncticides:

(1) Doaestic use of organochlorires declined about one-sixth from 1958-59
to 1966-67. All of the decline was in DDT, with domastic use cut 3n helf dur-
ing the 8 years.

(2) Faruwers buy about 70 percent of all organochlorines used domastically.
In 1966, 93 percent of farm use was for crops, 5 percent for livestock, and 2
percent for other purposes. Cotton, corn, peanuts, and tobacco accounted for
87 tercent of the crop use of organochlorines.

(3) Concentratfon of use of organochlorines varied greatly. In 1966, S
million acres of cotton received an average spplication of 10 pounds of organo-
chlorines an acre. In contrast, 1 pound an acre was applied to 15 million
acres of corn. Rates for peanuts and tobacco were about midrange.
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(43 Of the primary substitutes, organophosphorus and carbamate insecii-
cides, production is reported only for methyl patrathion and parathion. Farm
use accounted for only 30 gercent in 1966. Most of the remaining production
was exported.

(5) Orgenophosphorus and carbamate Insecticides increased from 33 to 36
percent of the farm use of synthetic organics from 1964 to '965. Carbaryl,
methyl parathion, and parathion were the leading compounds aad accounted for
19 percent of farm use of synthetic organics in 1966,

vii
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ECONOMI CONSEQUENCES CF RESTRICTING THE USE OF ORGANOCHLORINE INSECTICIDES
ON CO1TON, CORN, PEANUTS, ANM TOBACCO

by

Velmar ¥. Davis, Austin S. Fox, Robert P. Jenkins, and Paul A. Anlrilenas
Agricultural Econoitists, Farm Production Fconomics Division

INTRODUCTION

Insecticldes have assumed an fncreasingly i{mportant role in the production
of food and fiber in the United States. Increased specialization and more in-
tensive farmiig have heen made possible in part by use of insecticides. Modern
farm practices have increased crop production, but they have also enhanced the
favorable environment for insects. Insect populations have increased so that
even more insecticides are needed.

The growing significance of insecticides reflects favorable cost-benefit
ratios for individual farmers. The effects of insecticides, however, go far
beyond the farm boundary. Some are persistent and remain in air, water, soil,
and food. This results ¥n a spillover effect on persons who have had no choice
in their use. Thus, conflicting objectives exist, and cholces and decisions
are required that range from those affecting individual farmers to those that
cuncern total soclety.

There 1s a continuing concern about the relative benefits and hazards of
organochlorine insecticides--primarily aldrin, DDT, und dieldrin, and to a
lesser extent benrene hexachloride, heptachlor, lindane, Strobane, TDX, and
toxaphiecne. A comprehensive evaluation is needed to place this problem more
clearly in perspective. The need encompasses technical, economic, social, and
political questions. However, the main focus of this report is the aggregate
economic effect on U.5. farmers «f rest.icting the use =f organochlorine ins:c-
ticides on selected :rops.

First, an overview is presented of some of the effeocts on the pesticide
industry, farmers, consumers, and the environment of restricting the use of
organochlorine {nsecticides. This i3 followed by a summary of trends in pro-
duction of organochlorines and the extent of their use in farming. Possible
alternatives are identified and the extent that shifts to such alternatives
have already occurred is discussed. The report councludes with an estimate of
the economic eflect on '.S. farmers of restricti 3 the use of organochlorines
on cotton, corn, peaauts, and tobacco for 19566, with an indication of change
to "969. These four crops accounted for 87 p:rcent of the crop use of organo-
chlorines in 1966.

10
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IN PERSPECTIVE

The overall effect of restricting the farm use of organochlorine insecti-
cldes poses a number of technical, economic, socizl, and environmental ques-
tions. A brief consideration of some of these matters and thelr consequences
to the pesticide indust:ry, farmers, consumers, and the environment is appro-
priate.

With few exceptions, insects cén be technically controlled in a number of

ways. However, the most feasible substitutes for organcchlorines at the present
time are the organophosphorus and carbamate insecticides.

Pesticide Industry

In general, organophosphorus and carbamate insecticides which substitute
for the organochlorines are higher priced--an Iimportant reason why they have
not been used more extensively. However, their use 1s increasing primarily
because the organochlorines no longer provide eifective ccntrol for some
insects.

In time, cheaper and more effective nonpersistent chemfcals may be devel-
oped which will tend to reduce the cost differ. itial which now exists. However,
in examination of the structure of the pesticide industry and the proprietary
and differentiated nature of 1ts products suggests higher, not lower, cost
alternative insecticides in the immediate future.

Some 1insight into the consequences to the pesticide industry can be gained
by considering the number of companies which would have bren affected in 1966
if sales of DDT, toxaphene, and aldrin had been reduced and sales of methyl
parathion, diazinon, and carbaryl increased. These were the principal organo-
chlorines used by farmers in 1966 and the chemicals that would most likely
have been substituted for them in substantial quancities.

Seven companles producing organochlorines would have lost sales; six com-
panies uaking substitute materials would have gained; and one company would
have lost on one product but galned on another. Los$ers included five companies
making DDT and two making toxaphene. Gainers inzluded four manufacturers of
methyl parathion and two pronristary producers of diazinon and carbaryl. The
company losing sales from aldrin would have gained sales from methyl parathion.
The shift {a chemicals would not have improved prospects for lower prices re-
sulting from increased competition.

One important characteristic of the pesticide industry 1s the expense of
developing products. FReszarch costs are high. One estimate is that only one
{2 1,800 new compounds reaches the retail market. The time lapse between the
first experimentation and a marketable product 1s sald to average 2 to 5 years.
Such high costs usually confine research, discovery, development, and produc-
tion *to firms with large financial resources. The whole process of development
of proprietary and differentiated products tends to limit price competition.
Even those chemicals which are no longer proprietary are manufactured by a
small number of large companies.

RIC - X
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The pesticide market 1s a small share of the total chemical business of
most pesticide producers, and the outlets for insecticides are often 1 ‘{ted
and speclalized. The loss of the market for organochlnrines m’ ght disc. rage
manufacturers from developing and producing insecticides, especially wiin the
prospect of continued close survelllance of pesticide usage. Also, the require-
ments for registering new products are likely t3 increase. Such factors could
further reduce competition in the pesticide industry.

From the standpoint of both farmers and the pesticide Industry, gradual
application of restrictions on the use of insecticides is deslrable. 1f re-
strictions are imposed rapidly, prices of organochlorines and their substitutes
may change precipitously in opposite directions. To meet demznd, manufacturers
of the substitute products will need time to increase their production capacity.
Similarly, manufacturers of organochlorines will have to phase out their pro-
duction facilities gradually to minimize losses.

. While this is only a cursory look at the impact on the pesticide industry,
of restricting the use of organochlorines, the short-term prospects arn for
less price competition and higher costs to farmers. The sales and profits of
some companies would clearly increase while others would deciine. For the in-
dustry, sales and profits would rise.

Farmers

Restrictions on the use of organochlorines wruld increase production costs
to farmers. The substitute chemicals generally cost more per pound, and addi-
tional applications are needed for some crops for effective Iinsect contrpl.

Even though total quantities of the substitute materials might be luss, total
costs would be highrr. 1Increases in farmers' costs would vary greatly by type
and size of farm and by geographic area; but in the aggregate, the increase
would not be large. For most farm products, insecticides represent a relatively
snall part of total inputs. For all farm production in 1906, insecticides were
equivalent to less than &4 p .cent of farm expenditures for fuel, machinery, and
fertilizer.

In the short rua, higher costs of insecticides would not affect supply or
prices of most farm products. Over time, higher insecticide costs along with
increasing costs of other inputs, particularly labor, machinery, and land,
would exert pressure on the marginal farmer and influence the current trend
toward increasing size of farms. The effect of increases in insecticide costs
on future supply and prices of farm products is likely to be slight.

Consumers

Consumers arc interested in an ample supply of high-quality food and fiber
it reasonable prices. 1lne interaction of supply and d:=mand determines consumer
prices. Demand tends to increase with population growth. Market supply in the
short run can fluctuate widely, but is little influenced by modest changes in
grower costs. Thus, 1In the short run, product prices would not be a®fected by
selective restriction of the use of organochlorines; rather, increased insecti~
cide costs would be absorbed by farmers.

3
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In the long run, it might seem possible that increased input costs, {.e.,
more expensive {nsecticides, could reduce the supply of farm products and in-
c.ease prices. But, for most farm products, insecticides represent a small
part of total inputs. Thus, restricting the use of organochlorines would not
likely have a perceptible effect on supply and consequently on consumer prices.
However, a ban on the use of organochlorines without effective altern-tives
could reduce the supply of farm products and increase consumer prices.

A nonprice effect on consumers would be the change in quantities and types
of chemical residues ingested through food. Although the long-term effeccs of
restricting the use of organochlorines cannot be estimated on the basis of
existing data, 1t 4s presumed that consumers would consider themselves benefited
by the shift in use of chemicals.

Thus, 1t would seem tbat the net effect on consumers is positive, On
balance, slightly highev food prices must be welighed against the expectation
of lower residue food ard less hazard +o5 the environment.

Environment

The question of restricting the use of organochlorine insecticidcs cannot
be answered without some consideration of the effects of the alternative groups
of chemicals op the environment. Possibly, it 13 sufficient to characterize
the effects of the organochlorine, phosphorus, and carbamate insecticides on
those who handle and apply them, on consumers of food and fiter, and an some of
the elements ¢f our natural environment.

The organochlorines are the most widely used insecticides in the United
States and ip the world. They are effective against a large number of pests
which must oe ccntrolled to assure adcjuate supplies of food and fiber. Thelr
broad spectrym insecticidal properties, combined with long residual 1life and
relative safety in handling, make them desirable for many control purposes.
However, some organochlorines have adverse characteristics. They decompose
slowly under most conditions, and their residues remain active ir the soil and
water of our natural environment. These residues are hazardous to certain
species of fish and wildlife, They have a tendency to accumulate in the facty
tissue of warmblooded animals, including man.

The organophosphorus and carbamate insecticides provide effective control
of most of the {nsects attacking crops. But there are a few insects for which
they are not effective. In contrast to the organochlorines, they degrade rather
quickly and appear to pose no serious long-term residue problenm. Thougit not
persistent, they have other disadvantages. Most organophosphorus f{nsecticides,
as well as the new carbamate, carbnfuran, a.e toxic to warmblooded animals.
Thus, one of their primary disadvantages 1s the potential harm to thcse who
handle or apply them. In contrast to the organochlorines, the letrimental
effects of these substitutes tend to be acute rather than chronic, and they
have cansed numerous polsonings (some fatal) in man. Some are capabla of kill-
ing wildlife coming in contact with undecomposed pesticides. Also, since thelr
effertiveness is relatively short, more frequent applications are needed per
year, especially for soil treatment during adverse weather.

13
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The major carbamate, carbaryl, is relatively harmless to humans, out it
1s very toxic to bees and to insect parasites and predators. Carbaryl also
affects the physiology of certain plants. For example, 1t reduces the set of
fruit on apples if applied within 30 days after full bloom. It can be applied
just before harvest without leaving overtolerance residues on the fruit, how-
ever. Thus, use of carbaryl must t: restricted to particular stages in the.
growth of some plants.

Conciusions

There 18 no effective control for a few insects other than the continued
use of organochlorines. However, it appears that selective restriction of the
organochlorines could be made with only modest incressed costs to farmers. The
transition from currently used organochlorine insecticides to alternative chem-
1cals could probably be made for most uses over a period of 2 to 3 years with
a minimum of disruption to the economy and to sc:lety

Although some chemical manufacturers would lose sales, the net effect on
the industry would be to Increase sales. Consumers would stand to gain because
any small increase In food prices would be mor2 than offset by the benefits of
lower resiave food and a healthier environment.

Based on present %nowledge, 1f organophosphorus and carbamate insecticides
are substituted for the organochlorines, long-term environmental pollution wiil
be reduced, even though the immediate adverse effects on wildlife in the target
area may increase for some uses. The incidence of polsonings of man may be ex-
pected to rise. 1In contrast to che organochlorines, the detrimental effects of
the substitute chemicals tend tc be acute rather than chronic. Greater suppres-
sion of beneficial insects could require even greater need for Insecticides with
correspondingly increased costs and significantly greater insect damage. Higher
loss of pollinating insects could reduce production of some crops as well as
cause severe losses to beekeepers. Also, there is the possibility that develop-
ment of I{nsect resistance to curvently available substitute materials would
make thetr use impractical. If other methods of control have not been developed,
it might again be necessary to revert to the organochlorines.

ORGANOCHLORINE INSECTICIDES

Organochlorine insect lcides have become important in éontrol of many farm
pests since their introduccicn during World War II. DDT was the first to be
used extensively. Some of the other organochlorines used in farming include
aldrin, benzene hexachloride, chlordane, dieldrin, endosulfan, endrin, hepta-
chlor, lindane, methoxycilor, Strobane, TDE, and toxaphene.

Production and Domestic Use

Data on production and domestic use of organochlorine insecticides aic
available only for DDT and the "aldrin-toxaphene' group (aldrin, chlordane,
dieldrin, endrin, heptachlor, Strobane, and toxaphene). However, these
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insecticides account for over 90 percent of all organochlorines used iIn farming.
Table 1 summarizes total U.S. production and domestic vse of these insecticides
from 1958-59 to 1966-67: 1/

(1) The combined production of DDT and the “aldrin-toxaphene” group of
organochlorines fluctuated around 250 million pounds during the study period,
with no apparent overall trend. However, DDT production has been falling since
1958-59, while production of the "aldrin-toxaphene' group has trended upward.

(2) Production of DDT declined from about 64 percent to 47 percent of the
total production of organochlorine Iinsecticides. Conversely, production of the
"aldrin-toxaphene" group increased from 36 percent to 53 percent of the total,

(3) An Incrzasing percentage of DDT and the "aldrin-toxaphene' group pro-
duced in the United States {8 used outside the country. Domestic use dropped
to 52 percent.

(4) Domestic use of the two groups of insecticides combined decreased
nearly one-sixth from 1958-59 to 1906-67.

(5) All of the decline in organochlorine insecticides was in DDT, domes-
tic use of which was cut in half during the 8 years. Only about a third of the
PD1I production was used domestically in the 1966-67 period. Domestic use of
the “aldrin-toxaphene" group increased almost one-fifth.

Farm Use

Farmers buy about 60 percent uf all the DDT and almost 75 percent of all
other organochlorines used Iin-the United States. The remainder 1s used by
industry, government (Federal, State, and local), and homeowners.

Additional data on use of organochlorines in farming are sunmarized in
tables 1-5:

(1) About 70 percent of the total domestic use of the organochlorines is
in farming. The proportion appears to be declining, as these insecticides are
being replaced by other synthetic organic insecticidas.

(2) Organochlorines accouated for A6 percent cf the total synthetic or-
ganic insecticides used by farmers in 1964, compared with 63 percent in 1966.
Much of the difference was due to a 32-percent reduction in cotton acreage in
1966,

(3) Cf the farm use of organochlorines in 1966, 93 percent was for crogs,
about 5 percent for livestock, and % perccit for other purposes.

(4) The organochlorines most widely .ased by farmers were toxaphene, DDT,
and aldrin.

- 1/ Tables follow the text on p. 23.
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(5) 1In 1966, 82 percent of the crop use of organochlorines was on cotton,
corn, peanuts, and tobacco. These crops accounted for 36 percent of the farm
value of all crops, but occupied only 22 percent of all crop acres, not includ-
ing pasture. The major use of organochlorines (60 percent) was on cotton.

(6) In 1966, organochlorines accounted for 79 percent of all insecticides
used on tobacco, 77 percent on cotron, 69 percent on corn, and 59 percent on
peanuts.,

(7) The Soutleast accounted for the largest share of the organochlorines
used in the United States, but substantial use occurred in all reglons. Scates
in each production region are shown in rigure 1,

(8) The intensity and distribution of the use of organochlorines varied
greatly from crop to crop. In 1966, for example, an average of 10 pounds of
organochlorines an acre was applied on 5 million acres of rotton. In contrast,
1 povnd of organochlorines an acre was applied un 15 million acres of corn.
Peanuts and tobacco were approximately midrange with an average use of about 6
and 5 pounds of organochlorines an acre, respectively.

ALTERNATIVES-~-ORGANOPHOSPHORUS AND CARBAMATE INSECTICIDES

The major alternatives for the organochlorines are also synthetic organics--
the orgaiophosphorus and carbamate insecticides. These insecticides were intro-
duced soon after the organochlorines, and are widely used on feed and food crops
and on livestock to avoid residues in or on the marketed products. They are
gradually taking a larger share of the farm use of insecticides because certain
key Iinsects have developed increased re.lstance to the organochlorines.

Production

Production information from 1964 to 1968 is reported separately only fer
methyl parathion and parathion. The other organophosphorus and carbamates are
either proprietary compounds, with one dominant producer, or they are produced
by three or fewer companies and thus, by law, data are not publishad for these
insecticides.

Production of both methyl parathicn and parathion reached a peak of 36 mil-
liun and 19 million pounds, respectivaly, in 1966 but declined in 1967 (tabie 6).
Data for methyl parathion for 1968 shows an increase above the 1966 peak. Cor-
responding farm use from 1964 to 1966 shows a derline in methyl parathion and
an increase in parathion. Farm use accounted for only 30 percent of the produc-
tion of these two insecticides in 1966. Most of the production of methyl para-
thion aud parathion not used on U.S. farms 1s exported.

Farn, Use

4 substantial number of crgancphosphorus insecticides are used in farm
production. Those that were employed mest extensively and in largest quantities
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in 1966 include azinphosmethyl, Bidrin, diazinon, disulfoton, ethion, malathion,
methyl parathion, parathion, and trichlorfon. Several others were used less
widely, and a number have come into acceptance since 1966. Carbaryl was the
principal carbamate used in 1966.

Additional data on farm use of the organophosphorus and carbamate insecti-
cides may be derived from table 2:

(1) 1In 1964 and 1966, organophosphorus and carbamate Insecticides accounted
for 33 and 37 percent, respectively, of the farm use of synthetic organic insec-
ticides.

(2) Carbaryl, parathion, and methyl parathion were the leading compounds,
accounting for 20 percent of farm use of synthetic organic insecticides in 1966.
Although still minor chemicals for farm use, malathion and diazinon increased
in importance from 1964 to 1966.

(3) Carbaryl was used primarily on peanuts, cotton, and apples. Most of
the parathion was used on cotton and corn, while the bulk of methyl parathion
was applied to cotton. 1In addition, these *“hree insecticides were used on a
large number of other crops, but on smaller acrcages.

(4) Organophosphorus compounds were the major synthetic insecticides used
in fruit production. Among commercial citrus and apple grovers, these products
accounted for a half or more of insecticides used. A similar pattern was appar-
ent for vegetables, with organophosphorus compounds representinz one-third to
one-half of the insecticides used 1in 1966.

ECONOMIC EFFECTS ON SELECTED CROPS (1) 2/

In 1966, cotton, corn, peanuts, and tobacco accounted for 87 percent of
the organochlorine insecticides used on crops. Estimates of the economic
effects of restricting the use of organochlorines on these four crops were de-
rived by evaluating: (1) acreage and geographic distribution of each crop;

(2) extent and geographic distribution of the farm use of insecticid:s;

(3) costs of materials to farmers; and (4) alternative insecticides available.
(Degrec of insect infestation is {mplicit i{n the acreage treated and the extent
of use of Insecticides.) The direction of change In the use of insecticides
for each crop from 1966 to 1969 was also estimated.

In the analysis, restriction was viewed as a means of reducing, not banning,
the use of organochlorines by farmers. Restriction was further interpreted to
mean the substitution cof other insecticides to the maximum extent consistent
with achieving effective control and maintaining production at reasonable costs.
For corn, effective substitutes were not available for the control of certain
insects. For cotton, some substitutes needed to be supplemented with organo-
chlorines for effective control.

2/ Underscored numbers in parentheses refer to items in the Selected Ref=-
erences. Information about materials and recommended rates were based primarily
on (1), supplemented by USDA and university research and extension specialists.
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Summary of Effects on Selected Crops

In 1966, 87 percent of the crop use of organochlorines was on four crops--
cotzon, corn, peanuts, and tobacco. Replacement of about 55 million pounds of
organochlorines could have been effected with 42 million pounds of ¢._ganophos-
phorus and carbamate insecticides at an additional cost of $2.23 an acre treated,
or a total of $27 million (tablas 28 and 29). This was about 0.3 percent of
the 1966 farm value of the ~-~ur crops. About 85 percent of the additional costs
wece for cotton and corn--cotton alone accounted for about 58 percent. Mate-
rials represented about three-fourths of the higher costs and additional appli-
cations the remainder.

Although large quantities of alternative insecticides were substituted, 17
million pounds of organochlorines would still have been needed to provide effec~
tive control of insects on cotton and corn. However, the organoghosphorus and
carbamate insecticides would have replaced 76 percent of the organochlorines
used in 1966 (rable 28). Among the major organochlorines, the use of DDT would
have been reduced over 90 percent, toxaphene 85 percent, and aldrin 32 percent.

The most lmportant substitute materlals for the organochlorines in 1966
were methyl parathion, diazinon, and carbaryl. In accordance with 1966 recom-
mendations, methyl parathion was the primary substitute on cotton. Diazinon
and carbaryl were recommended substitutes on corn, peanuts, and tobacco. Func-
tionally, carbaryl could have teen substituted on cotton, but it was not in-
cluded because of the higher costs.

On an acre-treaved basis, additional costs of restricting the use of or-
ganochlorines would have ranged from a high of $4.22 on tobacco to a low of
$1.23 on corn (table 29). Acre costs for cotton and Pecnuts were $3.12 and
$2.90, respectively. In terms of crop values, increased insecticide costs
would have ranged from a low of 0.2 percent for corn and tobacco to a high of
1.2 percent for cotton.

In total, the substitution of alternative chemicals in 1966 would have re-
duced yuantities of organochlorines used by 76 percent, while the organophos-
phorus and carbamate fnsecticides required would have increased 163 percent.
For the individual insecticides substituted, the volume of methyl parathion
would have increased five times, while diazinon and carbaryl would have more
than doubled the 1966 usage.

18
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Cotton

Cotton, valued at $1.3 biilion, was grown on 10.3 mil-
1ion acres in 1966. Cotton producers are the major users of
insecticides. In 1966, 44 percent of all insecticides and
60 percent of the organochlorines used on crops were applied
to cotton. Cotton farmers treated 5 miilion acres with 50
million pounds of organochlorines at an average rate of 10
pounds an acre. Of the total crop use of organochlorines in
1966, cotton's share was: toxaphene, 88 percent; DDT, 73
percent; and methyl parathion, 91 percent. Selective restric-
tion of the use of organochlorines on cotton would have in-
creased production costs an average of $3.12 an acre treated,
a total of $15.4 million. This was 1.2 percent of the farm
value of cotton lint and cottonseed in 1966. Growers in the
Delta States would have had the highest additional costs,
$6.8 million--an average of $3.90 an acre treated. In addi-
tion to the $15 million Iincrease in production costs, about
4 million pounds of toxaphene and 2 million pounds of DDT
would have bteen required to maintain production and to effect
economical insect control.

* %k % %

Cotton ie the fifth most valuable crop in the United States, following
corn, soybeans, wheat, and tobacco. In 1966, cotton lint and cottonseed,
valued at $1.3 billion, were produced on 10.3 million acres. About 72 percent
of the cotton acreage was concentrated in five States--Texas, Mississippi,
Arkansas, California, and Alabama. Texas alone accounted for 41 percent.

Bollworms are important cotton Insect pests throughout the cotton-growing
areas. Most other cotton insect problems are more regionalized. For example,
the boll weevil causes considerable damage in the Southeast, Delta States, and
the Southern Plains but does not occur in the fsr West. Thrips and aphids are
more trotblesome in the Southeast and Delta States than Iin the western regions.
In the West, cotton growers focus on controlling lygus bugs and the cotton leaf
perforator.

The major use of insecticides in U.S. agriculture 1s in the production of
cotton. In 1966, 44 percent of all insecticides and 60 percent of the organo-
chlorines used on crops were applied to cotton. The following data on use of
insecticides on cotton in 1964 and 1966 are from tables 7 and 8:

(1) 1Insecticides were used on cotton by 51 percent of the growers in 1966
who accounted for 54 percent of the cotton acreage.

(2) Total use of all insecticides on cotton declined 14 percent from 1964
to 1966, but acreage was down 32 percent, indicating more Intensive use of in-
secticldes.

{(3) About three-fourths of the insecticides used on cotton were organo-
chlorine compounds.

10

RIC

Aruitoxt provided by Eric

19



O

(4) Toxaphene, DDT, and methyl parathion are the most widely used chemi-
cals on cotton. Of the total quantity of these three chemicals used on crops
in 1966, coiton accounted for 88 percent of the toxaphene, 73 percent of the
DDT, and 91 percent of the methyl parathion.

(5) The most significant change in the use of insecticides on cotton from
1964 to 1966 was a decline in the relative importaance of DDT and both relative
and absolute Increases in the use of toxaphene. However, average apwlication
rates per acre were up for both DDT and toxaphene.

(6) About 80 percent of the cotton grown in the Southeast and Delta regions
in 1966 was treated with insecticides. Farmers in these States accounted for
44 percent of the total acreage in cotton, but 79 percent of the organochlorines
used on cutten.

(7) The relative importance of organochlorines was greatest in the South-
east where they accounted for 88 percent of all insecticides. Westward, the
organochlorines decreased in importance. 1In the Southern Plains, organochlo-
rines represented about 60 percent of all insecticides, and in California less
organochlorines were used than other insecticides.

Organochlorine {nsecticides have been used on cotton since World War 1I
when growers first began using DDT. However, in the early postwar years, inor-
ganic insecticides such as calcium arsenate continued to be used, particularly
in the Piedmont. Combinations of toxaphene and DDT in a 2-to-1 ratio became
popular.

In the early 1960's, organochlorine insecticides were combined with organo-
phesphorus compounds, primarily methyl parathion. Now a common practice is to
use a combination of toxaphene, LDT, and methyl parathion (4-2-1) to control
some of the most damaging cotton insects, such as the boll weevil and bollworm.
Other organochlorine 1iusecticides used to a lesser degree include aldrin, diel-
drin, endrin, lindane, and Strobane

Recent practices also include more intensive ise of organophosphorus com-
pounds--methyl parathion, malathion, azinphosmethyl, disulfoton, Bidrin, phorate,
and trichlorfon--and carbamates, particularly carbaryl.

In general, current spraying practices and programs for control of insects
in cotton production are more closcly tailored to infestations. Except for
some early season sprays, fzrmers are moving away from preventive insecticide
treatments. However, use of preventive systemic Iinsecticides against thrips,
aphids, and spider mites is becoming more prevalent in some areas.

Most cotton growers concentrate on controlling the most damaging insects.
However, the insecticides that are used for specific insects also control many
others. For example, if methyl parathion 1s applied at rates that are needed
to control the bollworm, most other cotton insects will also be controlled,
provicded they have not developed a resistance to the insecticide. To maintain
yleld:, several additional applications are often needed for spray programs
composad largely of organophosphorus compounds.
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Costs

The first step in evaluating the economic effect of restricting organochlo-
rines on cotton was to examine their use patterns and assccifated costs in 1966
for five different growing areas (tables 10-15). Orgcnophosphorus insecticides
were substituted for the organochlorines by areas based on insects to be con-
trolled. The number of treatments and rates of application for the alternative
insecticides were adjusted upward as needed to -.aintain productfon. Costs of
alternative insecticides with additional avplications were compared with costs
of using the organochlorines.

Even with increased frequency of application and higher applicatfon rates,
some organochlorines would have teen needed in the spray programs to maintain
production at 1966 levels. Technically, with high level management, effective
insect control might be accomplished without the use of organochlorines. How-
ever, under average farm conditions, high level management cannot be assumed,
and thus production could not have been imaintained without the supplemental use
of toxaphene and DDT. Thus, in all regions, organochlorines were retained in
the ratio of one to six toxaphene and DDI sprays used in 1966. For example, on

-farms where 12 to 18 sprays were used in 1966, two to three sprays with toxa-

phene and DDT would have been necessary to supplement the organophosphorus and
carbamate insecticides.

The total additional cost of limiting the use of organochlorines in 1966
would have been $15.4 million--$10.5 million for materials and $4.9 million for
application (table 9). About $6.8 million of i(hiz amount would have been in
the Delta States. Costs would also have been high in the Southeast (about $4.4
million), but low in the far West.

The additional cost of -substituting other incecticides for organochlorines
would have averaged $3.12 an acre treated. in California the cost was §1.50
an acre; in the Delta States, $3.90; and in Arizona and New Mexico, $7.22. 1In
the latter two States, the high cost was cdue orimarily to the expensive substi-
tute materials nceded to control the pink bollworm and the cottcan leaf perfora-
tor,

In addition to the increase in total costs of $15 million, farmers in all
cotton~growing areas would still have needed toxaphene and DDT. About 4.4
million pounds of toxaphene and 2.2 million pounds of DDT (about 16 percent of
the toxaphene and 12 percent of the DDT used on cotton in 1966) would nave still
been required. About 43 million pounds of organochlorines would have been re-
placed by 30 million pounds of organophosphorus insecticides (table 15).

Corn

Corn 18 the most important U.S. crop, valued at closr to
$5 billien and grown on 66 million acres in 1966. Farmers
treated 33 percent of these acres with Insecticides. The quan-
tity of insecticides used on cornland increased 50 percent from
1964 to 1766. The main organccilorines used on corn in 1966
were aldrin and heptachlor, while the most used organophosphorus
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insecticides were diazinon and parathion. In the Western Corn
Belt, 3/ corn rootworm resistance to aldrin has been spieading.
By 1966, growers in that area had started to ;ubstitute other
wmaterlals, primarily diazinon and parathion. 7Ta 19¢6. there
were nc alternatives for organochlorines for controlling wire-
wores and white grubs on about 16 percent of U.S. cormland, or
10.5 million acres. Thus, 10.8 million pounds of aldrin and
heptachlor, two-thirds ¢f the 1964 requirements, would still
have been needed for effective insect control. The other corn
.nsects treated with organochlorines in 1966 could have been
controlled with organophosphorus compounds and carbamateas.
Such a shift would have increased total production costs for
all corn growers nearly $7.3 million, less than 0.2 percent

of the 1966 farm value of corn.

* k %k k

Corn for grair and silage Is the most impcrtant U.S. crop. It 1s valued
at nearly $5 billicn annually, and is grown on 1 In 5 crop acres. Although
corn 18 produced in nearly every State, 80 perc:nt of the corn acreage in 1946
was concentrated in eight States--Iowa, Illinoils, Ind’ana, Ohio, Missourdi,
Minnesota, Wisconsin, and Nebraska.

Pata below summarize the use ¢f insecticides on corn as shown in tables
16 and 17:

(1) oOnly 15 percent of the corn farmers ‘ised insecticides in 1965, mostly
on farms in the Corn Kelt where the acreage grown peir farm 1s large.

(2) Thirty-three percent of total cornland . & treated with insecti-
cides. But thc intensity of the Iinsect problem ig -iiswn by the fact that 48
percent of the acres in the Corn Belt were treatu. with insecticides, compared
with only 18 percent of cornlaud outside these five States.

(3) TFifty percent more insecticides were 1sed on corn in 1966 than in
1964. The use of insec. ~ides on corn has been Increasing at a rap:d rate in
recent years, indicating ansre intensive production of corn and pussibly a rise
in insect Infestations. Tie increased use also reflects the recognition by the
more pregressive farmers that insecticides are an essential elemert of the mix
of fer:ilizer, improved varieties, and other practices required to obtain top
ylelds.

(4) The relative {mportance of th: o¢ganochlorines, thc major group of
insecticides used on corn, declined from 78 percent of the total corn insecci-
cides In 1264 to 69 percent in 1966. Tne >rganophosphorus insecticides in-
creased in signiffcance from 21 percent of the total in 1964 to 28 percent in
1966. Both substitution for the organochlorine insecticides and new organo-
phosphorus tre.tments occurred curing this period.

__—2/ The Western Co.n Belt includes all major corn-producing States west
of Indiara. 1In this report the term "Corn Belt" refers to Ohioc, Indiana,
I114nols, Iowa, 7..d Missourd.
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(5) The main organochlorine insecticide used on corn in 1966 was aldrin.
Even though the total quantity of «ldrin increased from 1964 to 1966, {ts rela-
tive importance declined from 68 to 60 percent of the total insecticides used.

(6) Diazinon and parathion were the most Important organophosphorus in-
secticidus used on corn in 1966, Theilr use increased substantially from 1964
to 1966, but they still constituted only 25 percent of all corn insecticides
enployed in 1966.

Changing cultural practices bave intensified the insect problem in corn
production. Formerly, corn was grown in 3- or &4-year rotations of corn, oats,
and clover. Insects were not 1:cognized as a major problem. Today, operators
on farms with relatively level iand fertilize heavily and grow corn continuoustly
for several years on the same land. Continuous corn production creates breeding
grounds conducive to destiuctive Insects, especlally soil pests.

The kinds of insects to be controlled and methods of control are different
for ~oru thr for other crops, such as cotton and tobacco. Mos¢ corn insecti-
cides are applied to the soil, rather than to the follage of the plant, and are
generally used only once 2 season. Chief among these soil-infesting insects
are wlreworms, white grubs, cutworms, and several specles of rootworms. Seed
maggots and seed beetles 2re also classified as soil insects. Aboveground
feeders include the European corn borer (adults of rootworms that feed on silk),
corn leaf aphid, grasslhioppeirs, and chinch bugs.

The organochlorine, aldrin, has been the main insecticide used on cornland.
But in some areas in 1966, aldrin was no longer effective against rootworms,
because theys had become resistant toc it. As an alternative, growers in the
Western Corn Belt bezan treating cornland with the organophosphorus insecticides,
piimarily diazinon ard parathion. However, these insecticides are not effective
ageinst wireworms and white grubs. They a2lso lose effectiveness rapidly in
ralny weather.

Costs
The question of costs o7 restricting the use of organochlorines on cornland

1s beet conaidered by examining the alternatives for (1) soil insects and (2)
fol’ar and surface insects.

(1) Soil insects.-~For controlling wireworms and white grubs, there were
no effective substitutes for the organochlorines in 1966. While aldrin and
“eptachlor co:tinue to hLe needed for controlling these two insects, all of the
aidrin and heptachlor used for ‘other insects, primarily the corn rootworm, could
have been replaced by diazinon or other organophosphorus ingecticides.

Infestations of corn insects vary considerably by States, as shown by
quantities of insecticides used (table 18). Yor example, the use of primarily
aldrin and heptachlor in Indiana and Ohio indicates that these chemicals were
stil! effective for contruvl of corn rootworms. In contrast, resistance of the
corn rootworm is shown rather clearly by the use of substantial quantities of
diazinon from Iliinois wescward, particularly in Iowa and Nebraska. However,

14



the bulk of aldrin and heptachlor was used for control of wireworms and white
grubs 1in 1966.

»

; It was estimated that 16 percent, 10.6 million acres, of U.S. cornland was

E treated for wireworms and white grubs in 1966 (table 19). Or these acres it 1is

{ assumad that aldrin and heptachlor would continue to have been used in about the
i same ratio as in 1966. Thus, 9.8 willior pounds of aldrin and 1.0 million

‘ pounds of heptachlor would not have becn replaced (table 20). lowever, the use
of 4.9 million pounds of aldrin and heptachlor for rorn rootworms on the remain-
ing 5.1 million acres wueld have been replaced by 5.1 million pounds of dfazinon.
b This shift to diazinon would have increased the cost of soil insecticides to

i corn growers $6.2 million, or $1.22 an acre treated for corn rootworm.

(2) Foliar and surface insects.--Throughout the corn-producing areas, 0.5
million pounds of DDT, chlordane, dieldrin, TDE, and toxaphene were usel in
1966 to control corn borers, cutworms, chinch bugs, corn flea beBtles, grass-
hoppers, webworms, and army worms. Some 782.000 acres were treated with organc-
chlorines for control of these pests at a cost of about $335,000 (table 20).
The substitution of 1.2 million pounds of carbamates for the organochlorines
used to treat follar and surface insects would have incceased costs $1.1 million
{u 1975, $1.36 an acre treated.

In total, for soil, surface, and foliar Insects, selective restriction of
organochlorine insecticides on corn would have increased production costs about
$1.23 an acre treated,4/ or $7.3 millinn in 1966, less than 0.2 percent of the
farm value of cora. This Is the cost of replacing 5.4 million pounds of organo-
chlorines. But 10.8 million pounds of aldrin and heptachlor, two-thirds tne
quantity of organochlorines used in 1966, would still have been required to
control wireworms and white grubs effectively.

i Peanuts

Peanuts, valued around $272 million, were grown on 1.5
million acres in 1966. Ore million acres were treated with
3.3 miliion pounds of organochloriue and 2.3 million pounds
of organophosphorus and carbamate insecticides. Peanut farm-
ers applied an average of 6.5 pounds of organochlorines an
acre on about 0.5 million acres. DDT, toxaphene, and carbaryl
were the leading insecticides used. Replacing the organochlo-
rines used on peanuts with carbaryl and diazinon would have
increased costs $2.90 an acre treated. Total treatment costs
would have increased $1.5 million, equivalent to 0.5 percent
of the total farm value of peanuts. The Increased costs woulu
have affected chiefly growers in the Southeast *=ii> fccounted
for 96 percent of the ourganochlerines used on peanutsz.

Rk k Xk &

4/ Based on treating 5,136,000 acres with diazinon and 782,000 acres with
carbaryl, all of which were formerly treated with organochlorines.
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The 1966 peanut crop, valued at approximately $272 million, was produced
primarily in seven States--Virginia, North Carolina, Georgla, Fiorida, Alabama,
Oklahoma, and Texas. Georgla accounted for one-third of the total acreage, and
Texas one-fifth.

The following statistics iudicate the extent of inseccicide usage on pea-
nuts in 1966 (tables 21 and 22):

(1) More than half, 59 percent, of the peanut growers applied insecticides.
But they treated 70 percent of 1.5 millivn acres of peanuts grown in 1966.

(2) The organochlorines were applied at an average rate of 6.5 pounds an
acre.

(3) The most widely used insecticides on peanuts were DDT, toxaphene, and
carbaryl, Of 5.5 million pounds of insecticides applied, DDT accounted for 41
percent; toxaphena, 18 percent; and carbaryl, 34 percent.

(4} Carbaryl was the major substitute for the organochlorine insecticides,
DDT and toxaphene.

(5) Most of the Insecticides were applied on peanuts in the Southeast.
In these States, although farmers planted 53 percent of the total U.S. crop,
they accounted for 96 percent of the organochlorines and 60 percent of the
orgzanophosphorus and carbamate insecticides used on peanuts.

(6) Farmers in the Appalachian region have largely substituted organo-
phosphorus and carbamate insecticides in their insect control programs. Of
0.9 million pounds used in the regloi in 1966, 53 percent were carbamates and
34 percent were crganophosphorus insecticides. Although more than a fourth of
the U.S. peanut acreage 1s Iin Texas and Oklahoma, only small quantities of in-
secticides were used in these States.

The declining use of organochlorine insecticides in peanut production is
due primarily to insect resistance. Some farmers are using organophosphorus
and carbamate insecticides exclusively, while others are substituting a carbam-
ate for at least one dusting. However, farmers who do not use organochlorines
usually require an additional application of inseci{icides to control thrips
and leafhoppers.

Costs

The replacement of the organochlorines use. by peanut farmers in 1966 with
organophosphorus and carbamate insecticides would have increased total costs
an estimated (1.5 million, $2.90 an actre treated (table 23). This was about
0.5 percent of the 1966 value of the peanut crop. The increase in costs would
have been due to more applications of higher cost materials; pounds of active
ingsecticide materials used would have declined. Tha increase in production
costs would have been felt primarily by growers in Georgia, Alabama, and
Florida who accounted for 96 percent of the organochlorines used on peanuts in
1966.
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Tobacco

Tobacco, valued at $1.3 billion, was grown on about 1
mitlion e~res in 1966. Tobacco farmers used 3.9 million
pounds of insecticides to treat 788,000 acres, Organochlu-
rines comprised 79 percent of the insecticides used. Tobacco
farmers applied an average of 5 pounds of organochlorines an
acre on about 0.6 million acres. TDE and DDT were the most
widely used organochlorines on tobacco, accounting for nearly
90 percent of the organochlorines in 1966. The important
substitutes for TDE and DDT were carbaryl and parathion. Re-
placing the organochlorines used on tobacco would have in-
creased costs $4.22 an acre treated, a total of $2.6 million
for all tobacco producers. This was equal to about 0.2 per-
cent of the 1966 farm value of tobacco.

k k k& %

Tobacco 18 a high-vatue cash crop grown largely in the Appalachian and
Southeast regions of the United States. 1In 1966, tobacco valued at $1,253
million was grown on about 1 million a2cres (table 24). Two States, North
Carolina and Kentucky, had 61 percent of the acreage. North Carolina alone
had 43 percent of the total.

Data shown below on use of insecticides on tobacce are from tables 24 and
25:

(1) Organo-.nlorine insecticides are widely used in tobacco production.
In 1966, organochlorines comprised 79 percent of the 3.9 million pounds of in-
secticides used.

(2) 1In 1966, about 0.6 million acres were treated with organochlor’nes
at aa average rate of 5 pounds an acre,

(3) 1In 1966, 3.1 million pounds of organczhlorine insecticides were used,
compared with 4.3 million pounds in 1964. The decline was partly due to a re-
duction In tobacco acreage. The use of urganophosphorus and carbamate insec-
ticides declined rela*tively less, indicating some substitution for the organo-
chlorine insecticides.

(4) TDE and DDT were the 1rip ciganochlorine insecticides used on tobacco,
accounting for almost 90 percent of the total in 1966. TDE alone represented
nearly 60 percent. Parathion and carbaryl were the leading organophosphorus
and carbamate insecticides applied on tobacco.

(5} 1In 1966, the most Intensive use of organochlorines on tobacco did
not occur In the leading tobacco States. North Carolina aud Kentucky with 61

percent of the total acreage in tobacco accounted for only 42 percent of the
organochlorines user.
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Tobacco insects must be controlled in plant beds, on newly set plants, and
on established plantings. Some insects, such as flea beetles ard aphids, may
be a problem during all stages of production. 1In general, however, the more
damaging insects tend to be associated with only one or two stages of tobacco
productionr. The four most damaging tobacco insects are budworms, fle: beetles,
wireworms, and hornworms.

Organochlorine insecticides were introduced after World War II to contiol
tobacco Iinsects and have since received widespread acceptance, Earlier, inor-
ganic insecticides, lead arsenate and Parils green, were applied extensively.
The Ivorganic insecticides were still used in the early fifties.

Wireworms on newly set t-bacco plar*s have been controlled with aldrin,
heptachlor, chlordane, and dieldrin. However, in recent years certain spe.les
of wireworms that attack tobacco In some areas of the South have become resis-
tant to the organochlorine insecticides. DDT, endrin, and dieldrin were often
used for control of such insects as cutworms, flea beetle-~, and budworws. En-
drin and TDE were also used for hornworms. In more receat years, the use of
organochlorine insecticides on tobacco has been sharply reduced--DDT and TDE
to a lesser extent than the others. The use of toxapherz was discouraged in
the early 1950's becauce of the objectionable odor when the tobacco was smoked.
DDT 1s not used extensively on field planting primarily because of residues and
its ineffectiveness against one of the two species of hornworms that attack
tobacco. DDT and TDE are still used for budworm control.

There has been a general shift to organophosphorus and carbamate insecti-
cides by tobacco growers. Organophosphorus compounds--diazinon, azinphosmethyl,
malathion, and parathion--will control mosc tobacco insect pests, such as aphids,

: flea beetles, grasshoppers, hornworms, and the tobacco suckfly. The tobacco

% budworm, which also does extensive damage tc field plantings, can be controlled
3 by carbaryl, endosulfan, or the blological control agent Bacillus thuringiensis.
|

|

; Similarly, for plant  beds and on newly set plants, carbaryl, malathion,

: parathion, and diazinon can be used to control most insects, iacluding aphids,
flea beetles, grasshoppers, vegetable weevils, wireworms, slugs, and grubs of
the June beetle:.

Costs

The cost of restricting the use of organochlorine insecticides on tobacco
was determined by first computing the tctal expenditure on organochlorines in
1966 ($4.2 million as shown in table 26)., TDE and DDT were the primary insec—
ticides used, accounting for 82 percent of the total cests,

The cost of substituting an aggregate spray program of org * -hosphorus
and carbamate insecticides was then estimated. The basis for this estimate was
the tobacco acreage treated with organochlorines in 1966 and the average appli-
cation rates for the substitute chemicals the same year. The number of appli-
cations was increased 20 percent to insure ef”ective control. The quantities
of organophosphorus and carbamate insecticides applied per acre were slightly
higher than for the organochlorines, but pri-es per pound of material were
lower (tavles 26 and 27).

L) 18
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Thus, a shift to the organophosphorus and carbamate insecticides in produc-
tion of tobacco would have increased total costs for materials an estimated $§1
million (table 27). Additional applications nceded would also have increased
total costs by $1.6 million, for a total increase in tobacco production costs
(materials and application) of $2.6 million. This was about 0.2 percent of the
farm value of tobacco in 1966.

Costs of Iinsecticides used on tobacco are relatively small, compared with
the value of the crop. In 1966, insecticide materials averaged abtout $9.12 an
acre recelving treatment. The value of the tobacco averaged $1,28f an acre.

The additional costs of replacing organochlorines with other i{.secticides would
have added $4.22 an acre to the production costs of farmers making these changes.
It would affect about 0.6 million acres, 65 percent of the total tobacco acreage.

Changes in the Use of Insecticides, 1966-69

Costs of restricting the use of organochlorines on cotton, corn, peanuts,
and tobacco in 1969 would have been lower than in 1966. Between 1966 and 1969,
the trend in the substitution of organophosphorus and carbamate insecticides for
the organochlorines continued for the four crops, but at different rates. Wider
spread insect resistance and new, more effective chemicals have been major fac-
tors in the rate variation. After examining the trends in Iinsecticide use and
changes in acreages for the four crops, it was estimated that the cost of re~-
stricting the use of organochlorines in 1969 would have been about 18 percent
less than in 1966--%22 million, compared with $27 million _for corn, $0.9 million
each for peanuts and tobacco, and $0.6 million for cottodﬁz:f

R TN R EE

P
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Cotton

Additional costs of restricting the use nf organochlorines on cotton in
1969 would have been down to $14.8 million, only 4 percent under the $15.4 mil-
lion estimated for 1966. The lower costs would have resulted mainly from changes
in spraying practices by cotton growers in the Southern Plains States of Texas
and Oklahoma. Between 1966 and 1969, primarily because of insect resistance to
DDT, cotton growers in these two States largely shifted to the organophosphorus
and carbamate insecticides to obtain more effective fnsect ccntrol. About two-
thirds of the additional costs in 1966 in the two States, or $1.8 million, would
not have been applicable in 1969. The lower additional costs for these growers
would more than offset the $1.2 million higher costs resulting from an 8-percent
increase In cotton acreage in all areas from 1966 to 1969.

Corn

In 1969, additional costs of restricting the use of organochlorines would
have been less than in 1966 to the extent that resistant corn rootworms had
spread to more areas. Corn growert cffected would have already shifted from
organcchlorines to other materials, and thus, would have incurred these addi-
tional costs prior to 1969.

19
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Current reports indicate that the resistant species of corn rootworm had
not spread into Ohfo and Indiana in 1969 but had become more widespread in the
Western Corn Belt. Since 1966, an estimated 2 million additional acres could
have become infested with corn rootworms resistant to the organochlorines.

This cornland would have been treated with organophosphorus insecticides in 1969.
Thus, costs of restricting the organochlorines on corn would have declined about
$2.5 million from 1966. It was assumed that the Increase in areas infested with
corn rootworms was the only significant change from 1966 to 1963. Although
acreage of corn declined 5 percent from 1966 to 1969, the decrease was offset

by the continuing trend of increasing the percentage of cornland treated with
insecticides.

Some of the new organophosphorus and carbamate insecticides being tested
are belleved to provide adequate control of all soil insects infesting corn.
If they fulfill expectations, the need for organnchlorires on corn would be re-
duced markedly. Some of these new materials now being used in limited juanti-
ties incli'de phorate, Dyfonate, Dasanit, carbofuran, trichlorfon, Bux, ad di-
sulfetsu. Per acre cost of treatment with these new materials 1s expectud to
be significantly above that of the organo.hlorines.

Peanuts

Peanut producers use carbaryl, diazinon, and systemic insecticlides primar-
ily. ‘fhese aitd other currently available organophosphorus and carbamate insec-
ticides are adequate for most insect coiitrol on peanuts for the foreseeable
future., In 1966, the USDA withdrew recommendatiuns for using organochiorines
on peanuts, except to control the white-fringed beetle. But less than 1,000
acres of peanuts usually require treatment for this pest. With the increasing
spread of resistant insects and reduced effectiveness of the organochlorines,
use of these Insecticides on peanuts in 1969 was probably down two-thirds froa
1966. Thus, the estimated cost of restricting the use of organochlorines for
peanut farmers would have been $0.5 million in 1969, compared with $1.4 million
for 1966.

Tobacco

More azinphosmethyl and carbaryl are being substituted for DDT and TDE in
the contiol of tobacco insects. Diazinon has been substituted for some of the
aldrin, dieldrin, and endrin in tobacco insect control programs. The reduced
use of organochlorines 1s consistent with recent recommendations. Thus, costs
of restricting the use of organochlorines for tobacco farmers would have been
less in 1969 than in 1966. FEstimated additional costs for tobarco would have
been down about one-third from $2.6 million to $1.7 million. Although tobacco
producers are using more of the substitute materials, the transition has been
slower than for peanuts.
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TABLES

Table. 1.--Production and domestic use of DDT and the '"aldrin-toxaphene"
group of organochlorine inszcticides, United States, 1958-66

: Produciion Ny Domestic use
Year | : : : : :
beginning | . "“Aldrin- | . "Aldrin-
Oct. . DDT . toxaphene” ' Total DDT | toxaphene" | Total
. . grouwp L/ group
lemctemmmmcmmmmcamssssaes Million poundg--===-+=s=m=scaseaccaccca-
1958=====- : 156 91 247 79 13 152
1959=====< : 160 89 249 70 76 146
1960-====~ : 176 105 281 64 78 142
1961=====~ : 163 104 267 67 82 149
1962====== ;188 101 289 61 79 140
1963-===-- : 136 100 236 51 83 134
1964=~=+==: 131 113 244 53 81 134
1965-=-==-=- : 1al 125 266 46 87 133
1966====== : 114 129 243 40 86 126

1/ 1Includes aldrin, chlordane, dieldrin, endrin, heptachlor, Strobane,
and toxaphene,

Source: (19%).
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Table 2.--Crops and livestock: Quantity and percentage of organochlorine
and other synthetic organic insecticides used, United States,
1964 and 1966 1/

Synthetic organic f Active 1n§ged1ent f Per;entage
insecticides ¢ 1964 ¢ 1966 ' change
: : 11964 to 1966
! Million Million
¢ pounds Percent pounds Percent Percent
Organochlorine: :
Toxsphene=======~===v- : 38.9 26 34,7 24 -11
DDI======escscucacccna : 33.5 23 27.0 19 -19
Aldrin=-=======ccc-=-- : 11.1 8 16.5 11 +49
TDEe=ceecccccccacaccan : 3.4 2 2.9 2 -15
Other 2/-===========-- :10.9 7 9.9 7 -9
Total organo- H
chlorine=====cncau= : 97.8 66 91.0 63 -7
Organophosphorus: :
Parathion==-=e=ccanac. : 6.4 A 8.5 6 +33
Methyl parathion-=-=-- : 10.0 7 8.0 5. 20
Malathion===='=-= ELELH 4.8 3 5.2 3 +8
Diazinon====-= vmeseeee : 2.3 2 5.6 4 +143
Othe. organo= :
phosphorug======eau-- : 10.4 7 12.7 9 +22
Total organo= :
phosphorug=---=-~--= i 33.9 23 40.0 27 +18
Carbamate: :
Carbaryle=-===-=- ymm———— : 14.9 10 12.4 8 -17
Other carbamate====--- : .- --= 1,0 1 -=-
Total carbamate==--- : 14.9 10 13.4 9 =10
Other synthetice== =cc--- i .8 1 .8 1 0

Totsl synthetics====: 147.4 100 145.2 100 -1

1/ Revised estimates based on (7}, and data from ERS Pesticide and
Genersl Fsrm Survey, 1966. Crops accounted for 93 percent of the organo-
chlorines used in 1966; livestock, 5 percent; and other uscs, 2 percent.

2/ 1Includes BHC, chlordsne, dieldrin, endosulfan, endrin, heptachlor,
lindane, methoxychlor, mirex, Perthare, snd Strobanc.
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Table 3.--Selected c1)ps: Acres, farm value, and quantity of organochlorine
insecticides used, United States, 1966

: : Organochlorine
: * insecticides
Crop Acres 1/ Farm value 2/ used on crops
: : (active ingredients) 3/
: Million Million Million
JdCIesR Percent dollars Percent pounds Percent
Cotton--=-=-==--= : 10.3 3 1,258 6 49,7 60
Corn-=-~=---v-= : 66.3 19 5,106 23 16.2 19
Peanuts----=--= : 1.5 4/ 272 1 3.3 4
Tobacco==ev=-=-== : 1.0 &4/ 1,253 6 3.0 4
All other H
crops S5f/-=---- 1 267.1 78 14,230 64 10.6 13
All crops 5/-: 346.2 100 22,119 100 82.8 100

1/ Calculated from acres reported in (19), and from estimates based on
1964 Census of Agriculture.

2/ Calculated from farm value reported in (22).

3/ Data from ERS Pesticide and Gen2ral Farm Survey, 1966. Includes aldrin,
BHC, chlordane, DDT, dieldrin, endosulfan, endrin, heptachlor, lindane, methox-
ychlor, mirex, Perthane, Strobane, TDE, and toxaphene.

4/ Less than 0.5 percent,

5/ Does not include pasture,
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Table 4,--Al1 crops: Quantity and percentage of organochlorine and other syn=-
thetic organic insecticides used, United States, 1966 1/

E Other synthetic

O:ganochlorine Total synthetic

Crop insecticides 2/ inszziiziges : organic insecticides
; Million Million Million
! pounds  Percent pounds = Percent pounds Percent
Cotton-------'-; 49.7 77 15.2 23 64.9 100
Corn====cncun-- ; 16.2 69 7.4 31 23.6 100
Peanutg=-=vv=--- ; 3.3 59 2.3 41 5.6 100
?obacco--------; 3.0 79 .8 21 3.8 100
All other crops; 10.6 31 23.3 69 33.9 100
All crops----; 82.8 63 49.0 37 131.8 100

1/ Data from ERS Pesticide and General Farm Survey, 1966.

2/ 1Includes aldrin, BHC, chlordane, DDT, dieldrin, endosulfan, endrin,
heptachlor, 1lindane, methoxychlor, mirex, Perthane, Strobane, TDE, aund
toxaphene.
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Table 5.--All crops: Quantity of organochlorine and other insecticides
used, by regions, United States, 1966 1/

Synthetic : ~ Pounds of active ingredients

erganic : _ o HEN H HE :
{ngecticiden . South- | Lelta | Southern | Corn | "Other Total

east | States . Plains  Belt | regions |

HER R b Million pounds-=-===rermuvenconona-
Organocklorine: :
Toxaphene=====~=: 13.8 7.2 5.0 0.4 4.6 31.0
DDT==~~===cm=s==} 10.9 7.1 2.7 A 5.2 26.3
Aldrin--=--==n-= : A - --- 13.0 1.6 4.7
TDE=====-ace=caa; T -== .3 .2 1.6 2.8
Other 2/--=----- : .9 2.6 .3 1.6 2.6 8.0
Total organo- :
chlorine~«-=~- i_26.4 16.9 8.3 15.6 15.6 82.8
Urganophosphorus==: 5.3 4.3 5.4 3.6 18.0 36.6
Carbamate--==-===- : 3.& .6 2.3 1.4 5.0 12.4
Total syn- :
theticg=====-- : 34,8 21.8 16.0 20.6 38.6

1/ Data from ERS Pesticide and General Farm Survey, 1966,
2/ 1Includes BHC, chlordane, dieldrin, endosulfan, endrin, hept:
lindane, methoxychlor, mirex, Perthane, and Strobane.
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Table 6.-~-Production end farm use of methyl parathion and
parathion, United States, 1963-68

Year pZ::tﬁion : Parathion
Production ; Farm use f Production ; Farm use
-------------------- Million poundg-~-c-smm~ecmcmmccncanx
1963====~=~ ; 16 1/ 1/ 1/
1964 -~==u-- ; 19 10 13 6
1965 == : 29 Y, 17 .
1966~-~n=-~ ; 36 8 19 8
1957-==--=~ 33 1/ 11 1/
1968-=~---- ; 38 1/ 2/20 pY)

1/ Estimates not available,
2/ Estimated from sales data.

Source: (18) and ERS Pesticide and General Farm Surveys, 1964
and 1966,
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Table 7.--Cotton: Quantity and percentrge of organochlorine and other synthetic
orgenic insecticides used, United States, 1364 and 1966 1/

Synthetic organic : Active ingredient . Percentage
insecticides : : : change
. 1964 . 1966 . 1964 to 1966
i : * *
: Miltion Million
: pounds Percent pounds Percent Percent
ﬁ Organochlorine: H
‘ Toxaphene~===-===v==- - 26.9 36 27.3 42 + 1
: DDTewm=wm-memmemeeneaa : 23.6 31 19.2 29 -19
i Other 2/-«m=----- ——m—-i 5.3 7 3.2 S =40
E Total organo-~ H
; chlorine------ ————- 55.8 74 49.7 76 -11
!
3 Organophosphorus: H
Methyl parathion=e<-=-: 8.8 12 7.2 11 -18
Parathion=====ceee=n- -3 1.6 2 2.2 3 +38
Malathion=-=-====-c==- : 1.8 2 .6 1 ~67
Other 3/-=-=w=e==ncac=- : 3.0 4 3.6 6 +20
Total organo~ H
phosphorug=======-- : 15.2 20 13.6 21 ~11 .
Carbamate: H
Carbaryl-====-=samac.ay 4.5 6 1.6 _ .3 -€4
Total ayn- H
theticBe=cemmmene; 75.5 100 64.9 100 -4

1/ Revised estimates based on (7), and data from ERS Peaticide and General Farm
Survey, 1966.

2/ 1Includea aldrin, BHC, chlordane, dleldrun, endosulfan, endrin, ° _tachlor,
lindane, methoxychlor, Strobane, and TDE.

3/ Includes Bidrin, disulfoton, trichlorfon, azinphosmethyl, ethion, naled,
methyl trithion, dimethoate, demeton, phorate, Trithion, Ciodrin, and dichlorvos.
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Table 9.--Cotton: Costs of substitutiag organophosphorus insecticides for
organochlorines, by regions, United S .ates, 1966 1/

. Cost of materials Z/ : Additional costs
Regton E pr:ZS:ce ; S:::Et;g:e ; Materials } Applicatioa % Tot=1
---------------------- Million dollarg==--=«~~eccocecccccccua
Southeast 3/----- ; 14.7 17.3 2.5 1.9 4.4
Delta States 3/--; 13.3 18.1 4.9 1.9 6.8
Southern Plains--; 4.8 6.5 1.7 .9 2.6
Artzona and ;
New Mexico------ : 1.7 3.0 1.3 .2 1.5
Californig=-==--~ .3 4 .1 5/ .1
All regions----; 34.8 45,3 10.5 4.9 15.4

1/ Summary of information from regional tables 10 - 14.

2/ Costs related to crganochlorine insecticides and substitute ma.erials
only.

3/ 1Includes cotton grown in the Appalachian region.

4/ Includes cotton grown in the Corn Belt region.

5/ Leas than $50,000.
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Taeble 10.--Cottca:

Southeast region, 1966 %t/

Gosts of substituting crganophosphorus insecticides for organoctlocines,

H Acres H reraze :_ Active ingredients Cost per H
: : H Rate per : : . 1 Total
Item . treated | appli- acre pex ¢ Total : pound or per | cost
: 2/ . catiens | application * . appllcatiﬁfgi_
: 1,000 1,000 1,400
: acres Number Pounds pounds suvitlars  dollars
19¢. practices: 3/ H
Toxaphengec-==scecmmoccacoesl 1,181 6.1 1.9 13,713 .60 8,228
DDT-esesmmcencmocamacamam=ms} 1,646 6.0 .2 8,803 .60 5,282
TDE«-ecmam=a 25 4.1 1.4 127 1.50 190
Endrines=. -« 19 6.2 .5 57 1.80 103
Strobane---- 39 2.8 R 42 1.90 80
Lindane==«-« 122 2.2 4 1c8 6.50 702
Other===e=e=un= cmmmsemaemmeny __ 55 1.9 _.5 53 2.50 132
Tot#leaemaceccacianmeannnn : 2,087 5.8 1.3 22,903 .64 14,717
:_4f(1,660)
Substitute practices: H
Toxaphenesmmmamececcnecnona- : 1,181 1.0 1.9 2,264 .60 1,346
DDT-e=cvemcuoumncmacmmmnmnnne? 1,181 1.0 .9 1,063 .60 638
Methyl parathion 8/ : 1,181 6.0 1.0 7,086 1.20 8,503
Methyl parathion 7/-»==: ===t 465 5.2 1.5 3,627 1.20 4,352
Bidrin B/-cccemcamccmncanann H 465 2.0 .2 185 5.00 930
Methyl parathion 3/------=--- : 260 3.2 1.5 1,248 1.20 1,498
Totalecmmecemcnscnmeaceman : - - 1.2 15,454 i.11 17,267
Add{itional costs:
Application: H
Methyl parathione-es=so-=-= : 1,181 1.0 --- --- 1.00 1,181
Methyl parathispn-~==-==--- ! 465 .9 vee --- 1.00 419
Bidrin-=-c-ecnmcmnccsnnacaany 465 .3 -—- - 1.00 140
Methyl parathion--<=-ec=-=- __ 260 .5 --- --- 00 130
Total-=meaccncmemananann; === - --- --- - - 1,869
Materialgesvamemacnmmamennea H --- ne= - --a - 2,550
Materials and applications--: .- --- == - - 4,419

RIC

1/ 1Inci'des cotton produced {n t
2/
ingredient may be applied on the sa
3/ Dats from ERS Pesticide and G
4/ Ptcrea receiving 1 or more app

he Appalachian region,

me acres.
eneral Farm Survey, 19€6.
lications of orgsncchlerines.

Not additive since 1 or more i{ngredients or different commercial

prepacations of a single

E/ To maintain production, recommended rates of organcphosphorus for specifiec {nsect control

were used and the numbev of spplica

tions increased 20 percent.

1 out of every & toxaphene and DDT applications used in 1366 would still be needed.

&/ For
1/ For
primarily foc boll weevils, bellwor

8/ For
8/ For
weevils, cabbage loopers, and aphid

m8, thrips, and aphids.
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the remaining 1.7 DDT sprays primarily for thrips and sphids.
2.7 organcchlorine sprays other than toxsphene and DDT, p.imarily for bellwerms, btoll

5 toxsphene and DDT sprays primarily for boll wveevils and bellworms.
4.3 DDT sprays on acres In excess cf those treated with combination toxaphene-DDT,

In addition, it was assumed that



Table 11.--Cotton:

Delca States vegion, 1966 1/

Costs of substituting organophosphorus insecticides for organoch.orines,

.
:

Active .ngredients

f Acres f Average | f Cost per cht L
. treated | appli- Rate per : . pound or per :ccsi
) 2/ ! cations | acre per . Total | application |
: : . application | :
: 1,000 1,000 1,006
: acres Number Pounds pounds Dollars dollars
1966 practices:
Texaphene : 1,173 4.3 1.4 7,152 .60 4,291
DDT=====emmmamamcan : 1,731 5.1 .8 7,029 .60 4,217
Strobanessceccemccnnnn ECCEEEH 186 5.6 1.9 1,961 1.90 3,726
Endrin-seccmmemmacan : 314 4.3 .3 420 1.80 756
Otheresmsmrecmmcmmmamamancnanss 52 5.2 .4 108 2.50 270
Tot@l==cemme-cmacamcacmanay 3,456 5.0 1.0 16,670 .80 13,260
r 4/(1,731)
Substitute practices:
Toxaphenes=+======s=meucemec= 1,173 .7 1.4 1,150 ] 690
DDT=s==c=sesmonmmmmacnasrennn H 1,173 .7 € 657 .60 394
Methyl parathfon 6/ 1,173 4.3 1.0 5,044 1.20 6,053
Methyl parathion 1/ 558 4.1 1.5 3,432 1.20 4,118
Bidrin §/— --------------- 558 2,0 .2 224 5.00 1,120
Methyl parathion 9/ 552 5.8 1.5 4,802 1.20 5,762
Total--====-==c+ux : === --- 1.1 15,309 1.18 18,137
Additional costs: :
Application: H
Methyl parathion===e=w====: 1,173 .7 .- .- 1.00 821
Methyl patathion : 558 .7 --- .- 1.00 391
Bldrine==ss==cmvamnna mmm——i 558 .3 - - 1.00 16"’
Hethyl parathion ! 552 .9 =-- --- 1.00 497
TotAl=mcemmmmrcmcnmannen : --- - == .= - a=- 1,876
Materiglgs=er-=-cacnnaan mm——y --- == .- - —=- 4,877
Materials and applications-=: - - - --- --- 6,753

ingredient may bc #pplied on the same acres.
3/ Data from ERS Pesticide and General Farm Survey,

were used and the number of applications incressed 20 percent.

1/ Includes cotton produced in Lhe Corn Belt reglon.

2/ Not sdditive stnce 1 or more ingredients or different commercial preparations of a single

1966.

4/ Acres recefving 1 or more spplicatfons of organochlorines.
/ To maintain production, recommended rates of organophosphorus for specified insect control

1 out of every 6 texaphene snd DDT spplicationa used in 1966 would still be needed.

6/ For 3.6
1/ For 3.4
primarily for
8/ For the

O

ERIC

Aruitoxt provided by Eic:

9/ For 4.9
and bollworms.
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toxaphene and DDT sprays primarily for boll weevila and bollworms.
DDT sprays on acres in excees of those treated with combination toxephene-DDT,
boll weevils and bollworms.

remaining 1.7 DDT sprays primarily for thrips and sphids.
orgarochlorine sprays other than toxaphene and DET, primerily for boll weevils

In addition, it was assumed that



Tabie 12.-~Cotton: Costs of subs:ituting org»rcohosphorus insecticides for organochlorines,
Southern Plains region, 1966

Active ingredients

. Acres i Average | - i Cost per Total
item . treated | appli~ @ Rate per |  pound or per | cost
. 1/ ., cations ' acre per , Total ' applicstion |
: . . application | : )
H 1,000 1,000 1,000
: acres Number Pounds pounds Dollars dollars
1966 practices: 2/ :
oxaphenes-c-cescecscocnnnacne : 1,280 3.5 1.1 4,895 .60 2,937
DDT==ss==cmnemncmncmcecnnann - 1,146 3.5 0.6 2,404 .60 1,442
Lindane-~==<=- sememmmccnonna : 160 1.5 0.2 54 6.50 351
Endrine===-=--- semmcammnan- LT 71 1.7 0.3 34 1.80 61
Dieldrin-=-ce-acascmcncacaax -2 16 1.0 0.5 8 3.50 28
Totale=scmceoccomcnocancnaax : 2,673 3.5 0.8 7,395 .65 4,819
:_3/(1,280)
Subgtitute practices:
Toxaphene==««« - 1,146 .6 1.1 757 .€0 454
DDT=-e=vccmamcmmncccrannnn 1,146 .6 0.6 413 .60 248
Bidrin §5/=====ccrmeccnian- : 1,146 3,5 0.2 802 5.00 4,010
Methyl parathion 6/~ H 134 4.2 1.5 844 1.20 1,013
Methyl parathion 7/-------- - 241 1.8 1.5 667 1.20 800
Totale-=-= smemmmcsemeeeee- : === === 7 3,483 1.87 6,525
Additional costs: :
Applicstion: :
1,146 .6 --- --- 1,00 688
134 W7 ——— .-- 1.00 94
247 .3 --- e- 1,00 74
: - ——- . - -=- §36
Materialg-vc-v=-w srcmmsmceanen s - —-e s .- e 1,706
Materials and applications--: - =~= --- --- - 2,562

1/ Not addfti{ve since 1 or more ingredients or different commercial preparations of a single
ingredient may be epplied on the same acres.

2/ Date from ERS Pesticide and General Farm Survey, 1966,

3/ Acres receiving 1 or more applications of organochlorines.

4/ To maintsin production, recommended rates of organophosphorus for specified f{nsect control
uvere used and the number of applicaifons increased 20 peccent. 1In addition, it waJ assumed thit
1 out of every 6 toxaphene and DDT spplicstione used in 1966 would still be needed.

5/ For 2,9 toxaphene and DDT sprays primarily for th:ips and fleshoppers.

6/ For 3.5 toxaphene sprays on acres {n excess of those treated with combination toxaphene-DDT,
primarily for bollworms, boll weevils, and budworms,

2/ ¥or 1.5 sprasys other than toxaphene and DDT, primerily for bollworms, boll weevils, &nd
armyworms,
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Table 13.-~Cotton:

New Mexico and Arizona, 1966

Coata of substituting organophosphorus insecticides for organochlorines,

Active ingredfients

f Acrea | Aversge :- Cost per f Total
Item . treated  appli- | Rate per : ! pound or per | ¢
: 1 . cation . acre per | Total | application | cos
: : ! spplication | :
: 1,000 1,000 1,000
: ecres Number Pounds pounds Dollsrsg dollars
19€$ practices: 2/ :
Toxaphene H 183 4.4 1.7 1,374 .60 824
----------------------- 214 4.5 1.0 974 .60 584
140 1.0 .8 110 2.50 275
20 1.0 .1 3 3.50 11
Total-wmmemmcccammccanana; 557 3.4 1.3 2,461 .69 1,694
: 3/(214) _
Subst{tute practices: &/ :
Toxaghene--seacaaaaaa - 183 .7 1.7 218 .60 131
DDT=-===cmemcmcmmmanmnccnnn; 183 .7 1.0 128 .60 17
Trichlorfon 5/===-====ce~ax 183 2.2 1.2 484 2,25 1,089
Azinphosmethyl 5/e--uacema- 183 2.2 .6 242 4.50 1,088
Methyl parathfon 6/-===----: 31 5.4 1.5 250 1.20 300
Methyl parathion 7/--<-----: 160 1.2 1.5 288 1.20 346
Tot8lemcemmcmncmaracnnnnat == -== 1.2 1,610 1.88 3,032
Additional costs: H
Application: H
Trichlorfonemmmcoacomaaa: : 183 4 -- --- 1.00 73
Azinphosmethylecenmcvecenn 183 4 --- m-- 1.00 73
Methyl parathion 31 .9 -.- -——- 1.00 28
Methyl parathion 160 2 --- - 1.00 32
Totglmmemmmmccammramana : .- -—— --- --= == 206
Materiglgevmmmccecicccacnan ; - = - - --= 1,338
Materiale end applications-: -e- .- --- —— --- 1,544

1/ Not additive since 1 or more ingredients or different cormercial preparat{ons
{ngredient may be applied on the asme acres.

2/ Dats from EFS Pesticide and General Farm Survey, 1966.

3/ Acres receiving 1 or more applications of oirganochlorires.

4/ To mafntain production, recommended rates of organophosphorus for specified insect control
it was assumed that
1 out of every 6 toxaphene and DDT spplications used in 1966 would still be needed.

were used snd the number of applications fncressed 20 percent.

5/ Trichlorfon
primarily for the

In addition,

vf 8 single

and sz{nphosmethyl substituted equally for the 3.7 coxephene and DDT sprays
cctton leaf perforator and tne pink bollworm, respectively.

&/ For 4.5 DDT sprays on scres {n excess of those treated with combinat{on toxaphene-DDT,

primar{ly for the
1/ For 1 spray

cabbage looper, bollworm, and cutton leaf perforater.
other than toxaphene and DDT, primarily for the beet armyworm, bollworm,

cabbage looper, and the cotten leaf perforator,

ERIC

Aruitoxt provided by Eic:
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Table 14.--Cotton: Costa of substituting organophosphorus insecticides for orgarochlorines,

California, 1966

Acrea

Average

Active ingredients

Coat per

Item f treated i appli- f Rate per t f pound or per | fz::l
: 1/ ! cationa | acre per _ Total  application
! : : applicatior | : :
H 1,000 1,000 1,000
H acres Number Pounds pounds Dollars dollars
1966 practices: 2/ :
Toxaphene--------acoo cmemenat 64 1.0 3.4 215 .60 129
DDTewccean Ty 29 1.0 .5 15 .60 9
Endosulfan and lindane 66 1.0 1.1 73 1.80 131
Totalecescvrecccecccaaaaaa : 159 1.0 1.8 303 .89 269
i 3/(64) .
Subatitute practices: 4/ :
Toxapheness=cecccaaa. B L 29 .2 3.4 20 .60 12
DDT-==e=nu- “eeeeeaa N T 29 .2 .5 3 .60 2
Methyl parathion 5 : 29 1.0 1.0 29 1.20 35
Methyl parathion 6/-----me-: 35 1.2 1.5 63 1.20 76
Trichlorfon 7/----- memmemany 66 ' 1.2 95 2.25 214
Totaleaeccccee  aan : -—-- --- 1.5 210 1.91 339
Add{itional costs:
Application:
Methyl parathione--e----- 29 .2 --- --- 1.0 6
Meihyl parathion---- 35 .2 --- - 1.00 7
Trichlerfonseeecea- L] £6 .2 === --- 1.00 13
Totalescccecaaa EECETET -1 === —n- - - - 26
Materialseececrececnsncanan; --- --- --- --- --- 70
Materials and applicationa-: --- .- --- --- --- 96

1/ Wot additive since 1 or more {ngredients cr different commercial preparaticn of & single
ingredient may be applied on the same acres.

2/ Data from ERS Pesticide and General Farm Survey, 1966.

3/ Acres receiving 1 or more applications of organochlorines.

4/ To maintain producticn, recommended rates of organophosphorus for specified insect control
were used and the number of applications {ncreased 20 percent.
1 out of every 6 toxaphene and DDT applications used {n 1966 would still be needed.

5/ For 0.8 toxaphene and DDT sprays, primarily for bollworms.

6/ Fer 1 toxaphene spray on acres in excess of those treated with combinat

primarily for cutwerms, hernworms, and cabbage loopers.
1/ For 1 crganochlerine spray other than toxaphene end DDT, primarily fer lygus bugs.

ERIC
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In addition,

it was assumed that

n toxaphene-DDT,



Table 15.--Cotton: Quantity of organochlorine insecticides used in 1966,
compared with substitute practices 1/

:0rganochlorines: Substitute practices

Reglon ; usigeén fOrganochlorinesf Orgaﬁo- Total
: ; gtill needed ; phosphorus
---------------------- Million poundg-==-e-cecemeccmncnaannn
Southeast 2/==---- : 22,9 3.3 12.2 15.5
Delta States 2/'--; 16,7 1.8 13.5 15.3
Southern Plains---; 7.4 1.2 2.3 3.5
Arizona and :
New Mexico=------: 2.4 .3 1.3 1.6
California-------- ; .3 4/ .2 .2
All regions----- ; 49.7 6.6 29.5 36.1

1/ Summary of information from regional tables 10-14.
2/ 1Includes cotton in Appalachian region.

3/ Includea cotton in Corn Belt region.

4/ Less than 50,000.
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Table 16,--Corn: Acreage grown and treated with insecticides, by region,
United States, 1966

Treated with insecticides

Region Planted 1/ . Number 2/ iPercentage offPercentage of
; = ;acres planted:'acres treated
Million Million
acres Percent acres Percent Percent
Corn Belt-n=--n-=- 33,2 50 15.9 48 73
Lake Stateg=====--- 9.8 15 1.9 19 9
Northern I‘lains---; 9.8 15 3.4 35 15
Other-=--v-=mcea=- 13,5 20 0.7 5 3
| All reglons---=-:  66.3 100 21.9 33 106

} 1/ Acres plaated reported in (19).
i 2/ Estimate of acres treated based on data from ERS Pesticide an? General
Farm Survey, 1966.
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Table 17.- -Corn: Quantity and perceutage of organochlorine and other syn-
thetic organic insecticides used, United States, 1964 ard 1966 1/

Synthetic organic Active ingredient . Perﬁentage
insecticides : : change
1964 R 1966 "1964 to 1966
: Milljon Million
¢ pounds Percent pounds Percent Percen:
Organochlorine: :
Aldrin-=-=----cc-c--n-o : 10.7 68 14.2 60 + 33
Heptachlor==-=-======-== : 1,1 7 : 1.5 6 + 36
Cther 2/-----===----=-~ : 0,4 3 0.5 3 + 25
Total organo- :
chlorineg==-=r=c=rmn=-. : 12,2 78 16.2 69 + 33 N
Organophosphorus:
Diazinon--=-====-czmm--: 1.5 9 4.0 17 +167
Parathion--==--~-=----~ : 0.7 4 1.9 8 +171
Other 3/----=--===<-=---- : 1" 8 0.8 3 - 33
Tota! organo- :
phosthorug=--=~-=---- : 3.4 21 6.7 28 + 97
Total carbamate------ : 0,1 1 0.7 3 4f
Total synthetics=--: 15.7 100 23.6 100 + 50

1/ Reviscd estimates based on (7), and data from ERS Pesticide and Gencral
Farm Survey, 1966,

2/ Includes lindane, TDE, DDT, dieldrin, chlordane, benzene hexachloride,
and toxaphene.

3/ 1Includes disulfoton, methyl parathion, malathion, phorate, and ethion.

3/ Quantities too small to compute a meaningful estimate of change.
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; Tabla 18.--Corn: Quantity of selected insecticides used on corn,
‘ selected States, 1966 1/

Hepta- f Dia- E Para-

State % Aldrin E chlor ' zinon © thion E Carbaryl
: ------------------- Million pounds~~-=-=ev-cmeacccuas

Ohio=-=-====--macca-=- ; 0.6 0.1 --- --- ---
Indiana~----=--=-~--= ; L.4 0.3 --- --- -=-
Illinois-------n-----; 6.0 0.5 0.1 --- ---
Minnesota==-=--cc=--= ; 0.6 --- 0.5 0.1 ---
fOWa---m=mmmmmmmmeana L 3.4 0.4 1.4 G.6 ---
Missourf--=-==ce=-an-x ; 1.3 0.2 0.3 --- 0.1
Nebraska=-======ac--= : 0.1 .= 1,2 0.6 0.2

Total-=--===-meme-u- ; 13.4 1.5 3.5 1.3 0.3

1/ Dpata from ERS Pesticide and General Farm Survey, 1966.
--- Indicates that there was no use of the product or less than 50,000
pounds were used,

38
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Table 20.--Corn: Cost of substituting organcphosphorus and carbamate insecticides for
organochlorines, United States, 1966

Active {. ,1euient

Insecticide f Acres f " f Cost per f Total cost
mater{als . treated : Rate per . Total ¢+ pound .
. : acre : : .
: 1,000 1,000 1,000
H acres Pounds pounds Dollars dollars
Scil insect control: !
1966 practices: 1/ H
Aldrinecmcrccaccan ccceana: 13,356 1.06 14,244 1.50 21,366
Heptachlor=escacececmenaan : 2,026 0.73 1,484 1.50 2,210
Lindanes-ccnccnnoccccncans 349 0.13 44 6.00 264
Totaleeceen- . 115,761 15,772 23,556
Substitute practices: 2/ :
Aldrinececececccaccacccaa= H 9,230 1.04 9,784 1.50 14,676
Heptachlor-mececcaca ccanay 1,395 0.73 1,018 1.50 1,527
Digzinonececcacaccceaaaa -t 5.'36 1.00 5,136 2.70 13,867
Totaleesoeecacaaaan ...t 15,761 15,938 30,070
Additional cost of substi« :
tute practices--cecceca-aa: . 6,214
Corn borer and surfac2 insect:
control: 3/ :
1966 practicea: 1 :
)0 Qg : 351 0.67 23, 0.80 187
Crlordangeceeccacaas 210 0.76 160 1.0C 160
ioxgpheneesean ssmnacs 20 0.20 4 0.60 2
Dieldrin-cececccecacccaaa- 183 0.28 5t 3.50 178
TPE and othereeec-e-cae .-z 18 0.28 5 1.52 8
Totgle-eanue . nmeeeeeas : 782 454 535
: :
Substitute practices: H
i Carbaryle-aeecacacan B 782 1.57 1,228 1.3¢ 1,596
i Additicnal cost of substi- :
{ tute practicef--~------ - 1,061
; All corn insect centrol: :
H 1966 practices 1f--ccceea-- H 16,543 16,226 24,39
‘ 14/(15,761) .
Substitute practices----- .- 16,543 17,166 21,666
:4/(10,675)
Additicral ccat of substi- 3
tute practices------- memee: 7,275

1/ Based on data trom ERS Pesticide cnd General Farm Survey, 1966.
2/ Sze table 19 for acreage treated and quantities of aldrin and heptachler used by States.
3/ TFoliar spray trestment for corn beress; abovegrcund bassl spray treatréeat fer cutwerms.
4/ Total acres receiving 1 or more spplications of crganochlcrines,

40
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Table 21,--Peanuts: Acreage treated and quantity of organochlorine and
other synthetic orginic insecticides used, United Stetes, 1966 1/

f Use of insecticides, 1966
Synthetic arganic : -
insecticides ; Acres . . )
treated ! Active ingredients

} :
i : 1,000 acres 1,000 pounds
¢ :
f Organochiorine: :
‘ DDT ===~ ~m=mcmccmcacmccanacamas, 500 2,265
‘ Toxaphene=-=-semecccrcneecnanax : 237 985
% Lindane~~=-~remmecccennannanncn; 21 19_
| All organochlorines~-«ecav---- : -~ 3,269
E QOtiter synthetic: :
f Carbamate {carbaryl)~«-emmce=-- : 371 1,885
! Orgarophosphorus 2/-~---ace-nn : 283 374
! All other-===e=vececaccccecan : -~ 2,259
i : o
f Total synthetic8~e---~-cc-=- : 3/1,412 5,528
5 /(1,043)

1/ Data from ERS Pesticide and Generel Farm Survey, 1966,

2/ 1Includes disulfoton, diazinon, malathion, methyl parathion, parathion,
and phorate,

3/ Not additive since 1 or more ingredients or different commercial
preparations of a single ingredient may be applied on the same acres.

4/ Total acres receiving 1 or more applications of insecticides,
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Table 23.--Peanuts: Costs of substituting organophospliorus and carbamats insecticides for

organochlorines, United States, 1966

Active ingredients

. Acres f Average | - Cost per i Total
Item . trested . appli- Rete per | . pound or per | cza:s
: . cations | acre per | Total | application |
: . application | . :
: 1,000 1,000 1,000
: acres Number Pounds pounds Dollars dollars
1966 practices: 1/
)7 oy G 500 2.4 1.9 2,265 1,00 2,265
Toxaphene-=a====m=amemmemn= H 237 1.6 2.6 985 1.00 985
Lindane~=«==~= memmrmecumcen : 21 3.0 .3 19 6.50 124
Totgl-=--- “ememcemcccsann H 2/158 2.2 2.0 3,269 1.03 3,374
: - 3/(500)
Applicationg=~======= aamaee s 47521 2.4 -—-- - 5/1.15 1,438
Total materiels and :
applicationgess==cacan; 4,812
Substitute practices: 6/ :
Carbaryle--ererercvccccccnn : 500 1/2.7 1/.9 1,215 1.70 2,065
Digzinon==«=v=<=cccomcmcvae : 258 1.6 2.0 826 2,70 2,230
Totgl-=-=--- L S L H 758 2.3 1,2 2,041 2.10 4,295
Applications:
CArbarylewe=s-semsenemans : 500 2.1 --- --- 5/1.15 1,553
Diazinone=-e=sescccaccacaas : 258 1.6 --- .= 5/1.00 413
Totalemesesmmanamennnany 758 2.3 --- - - 1,966
Total materials and
applications===r=ac- : -—- -- --- ---= .- 5,261
Additional costs---=-=varu- : --- --- --- .- --- 1,449

1/ Data from ERS Pesticide and General Farm Survey, 1966.
2/ Not additive since 1 or more ingredients or different commercial preparations cf a single

ingredient may be applied on the same &cres.

3/ Total acres receiving | or more applications of crgancchleiines {n 1966,

6/ Acres treated with DDT and lindane used in calculating application costs,

uiually applied at the sane time as the DDT.
5/ Application costs based on (4).

6/ Carbaryl substituted for DDT to control leafhoppers and thrips.
toxsphene and lindane to coutrol cutworms.

ERIC

Aruitoxt provided by Eic:

Texaphene

Diazinon substituted fcr

Since diszinon i8 usually applied in granular form,
application costs sre lower than for carbaryl.
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Table 26,--Tobacco: Costs of organochlorine insecticides used, United States,

1966
N iActive ingredientsf N
Insect?cide . Acres :Average: : . Cost : Total
material 'treated'appli- . Rate per | . per | IR
and use . ‘cations. acre per [Total | pound ’
: : ‘application’ : :
1,000 1,000 1,000
: acres Number Pounds pounds Dollars Dollars
1966 practices: 1/ :
Used on tobacco fields::
TDE=w=-=c--=memceeccan: 623 2.5 1.1 1,764 1.50 2,646
DDTe-wmmecmmccmccmn=—s 395 2.5 .8 781 1.00 781
Toxaphene---==--=~=-==: 61 1.6 1.5 150 1.00 150
Aldrin--=~==r=c=mn===: 51 1.8 9 80 2.50 200
. Endrin=-======-==-=== : 24 2.0 A 20 1.80 36
! Dieldrin---=-=====--= : 80 2.0 1 20 3.50 70
j Other 2/=======-=m===- : 58 1.2 9 70 2.00 140
‘ Total--=m==cmnnom== :3/1,292 2.4 .9 2,885 1.39 4,023
: 4/(623)
Used on plantbeds :
and transplants 5/----: —=-  -m- === 173 1.00 173
Total, all uses----: N - 3,058 1.37 4,196

+

1/ Data from ERS Pesticide and General Farm Survey, 1966.

2/ Includes chlordane, endosulfan, heptachlor, lindane, methoxychlor,
Perthane, and Strobane.

3/ Not additive since 1 or more ingredients or different commerical
preparations of a single ingredient may be applied on the same acres.

4/ Total acres receiving 1 or more ipplications of organochlorine insec-
ticides in 1964.

5/ Largely DDT.
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Table 27.-~Tobacco: Coata of substituting organophosphorus and carbamate insecticides to control
insects on acreages treated with organochlorines, United States, 15966

Active Ingredients

Aversage :

: ; Cost per :
: Acres + eppli- : : : Total
Iten 1 treated : cations : Rate per H H pound ot : costs
. . 1/ . acre per . Total . applicatfon |
i . = ? application | : .
: 1,000 1,000 1,000
H acres Number Pounds pounds Doliars dollars
Substitute practice: 2/ :
Used on tobacco fields: 3/:
Carbaryl: :
Replacing TDE==----- ELhbe 623 3.0 1.1 2,056 1.20 2,467
Replacing DDT-ee=: ===~ EH 395 3.0 1.1 1,304 1.20 1,565
Parathion-ececccecaceccnay 178 2.5 6 267 1.50 401
Digzinonme-ecermcraan.cnn -t 96 2.5 .8 192 2.50 _ 480
TOtglemememcennoanansn : 471,292 2.9 1.0 3,819 1.29 4,913
1 5/(623)
Used on plantbeds and He
transplants 6/-=--ccc-m-ci; -=- --- --- 247 1.20 296
Totel all useB==amv==: - - e=- 4,066 1.28 5,209
Addit{onal costs: :
Materiglg=--me=ecccnccan- ELH - - --- --- - 1,013
Applicationg---=----- LI 1,292 0.5 --- el 2.50 1,615
Totale-a=cccaccenann -3 --- .- .- .- LIRS 2,628

1/ Number of applicetions incressed by 20 percent over treatments using organochlorine
fnsecticldes to gain effective control.

2/ Rates and priccs from ERS Pesticide and General Farm Survey, 1946,

3/ Carbaryl used to control hornworme and budworms. Parathicn and diazinon replaced
toxaphene, aldrin, endrin, dieldrin, and other organochlerines, No single irsecticide used
exclusfvely to control a given insect. Either parathion or diazinon used to control wireworms,
aphids, plus other folisge feeding insacts. Acres treated with parathfon or diazincn allocated
in the same proportion as acres treate] by ugers in 1966,

4/ Not sdditive s{nce 1 or more ingredients or different commercial preparations of a single
ingredfent may be applfed on the same acres.

S/ Total acres receiving 1 or more spplications of orgsnochlerine insecticides in 1966.

&/ 50 percent mcre carbaryl than DDT. 1t was assumed that carbaryl ccald be substituted for
DDT for centrolling cutworms, Currently, carbaryl fs not registered for use on tobacco fer
cutworm control, but it is registered for controlling similar species of curwerms on cotten.
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VU SIPALTRIRD OF ASIKWLIORE

Th i s publication reports research iuvolving
pesticides. It does not contain recommendations
for their use, nor does it imply that tiie uses
discussed here have been registered. All uses
of pesticides must be reglistered by apgropriate
State and/or Federal agencies before they can
be recommended.

CAUTION: Pesticides can be injurious to humans,
domestic animals, desirable plants, and fish or
oth:r wildlife -- if they are not handled or
applied proparly. Use all pesticides selectively
and carefully. Follow recommended practices for
the disposal of surplus pesticides and pesticide
containers.
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